The t(8;21 )(q22;q22) is consistently associated with acute myeloid leukemia (AML) M 2 . Recent data have suggested that breakpoints on chromosome 21 are clustered within a single intron of a novel gene, AML 1. just downstream of a region of homology to the runt gene of D melanogaster. In this report, we confirm rearrangement at the same location in at least 1 2 of 1 8 patients with t(8;21). Further-HE t(8;2 l)(q22;q22) is a balanced reciprocal transloca-T tion associated with about 6% of all cases of acute myeloid leukemia (AML). Up to 92% of cases with this translocation are classified as French-American-British (FAB) subtype M2, and they have distinctive clinical and morphologic features. ',* The consistency of this association suggests that the t(8;21) has a primary role in leukemogenesis. Alternatively, this translocation may be responsible for conferring only certain characteristics on to this subtype of AML, permitting its distinction from other cases of AML M2.
A total genomic library from a mutant of the human T-cell line Jurkat (31-13") was prepared by ligation of partially Sau3AI-digested, size-fractionated DNA into X 2001." A partial genomic library of 1 1 to 15 kbp BamHI fragments from patient no. 4 was also prepared in the same vector, following complete digestion and gel fractionation.
DNA from a panel of human X rodent somatic hybrids was kindly provided by Lesley Rooke and Dr Nigel Spurr (ICRF, London, UK).
An AMLI probe spanning the fifth reported exon was prepared by annealing and extending two partly complementary 74-mers corresponding to nucleotides 1 173 through 1246 and 1300 through 1227 of the published AMLl cDNA sequence. ' Library screening and DNA preparation from recombinant clones was according to published procedures. Subcloning was in pUC9 and pBS/KS+ vectors.' Gel-purified inserts were used for filter hybridization. Labeling was by priming with random 9-men in the presence of [32P-a]dCTP (ICN; 3,000 Ci/mmol).
RESULTS
By using a probe synthesized on the basis of the published cDNA sequence, clones were isolated from a human genomic library spanning most of the intron centromeric to the fifth reported AMLl exon.7 This is the region where chromosome 21 breakpoints were suggested to cluster in the t(8;21). As the intron contains a single BamHI site, rearrangements within it can be investigated using probes for the two fragments generated by BamHI digestion. Thus, two probes were prepared (Fig 1) : the first (21A) detects the telomeric BamHI fragment (normal size of I 1 kbp), is 500 bp long and spans the whole of the fifth exon, extending to the Sac1 site immediately 3' of it. The second (21B) is a 1.1 kbp PstI fragment from the centromeric BumHI fragment (normal size of 20 kbp). A composite probe for the simultaneous detection of both BamHI fragments was prepared by cloning both probes into the same plasmid vector.
Southern blotting data were obtained on BamHI digests from 23 patients with AML M2, 18 of whom had been reported to harbor a t(8;21) ( Table I and Fig 2) . Rearranged bands are clearly visible in 12 of these (67%). In two other patients (nos. 13 and 15) a weak abnormal band is observed, which in the former case is apparently of a very large size (>27 kbp). No rearrangements are seen in the five patients without cytogenetic reports of t(8;2 I).
A patient (no. 4) and their inserts mapped. The four clones were identical (Fig  1, see hlD2) . While one end of the map is colinear to that of unrearranged AMLI for at least 8 kbp, the remaining differs. Southern blotting analysis of a panel of human X rodent somatic hybrids using a probe made from this region (probe 8, Fig 1) confirmed that the latter mapped to chromosome 8 (data not shown). In DNA from patient no. 4, the same probe hybridizes to a normal -IO-kbp BamHI fragment, in addition to the same rearranged 13 kbp BamHI previously detected with the AMLl probe.
Patients' Southern blots were reanalyzed with the chromosome 8 probe. Ten of 18 patients show clear rearrangements on BamHI digests, and a further four on EcoRI digests (total of 78%). Based on BamHI digests, all of these patients have rearrangements at the AMLI locus, with the exception of two (nos. 7 and 18 in Table I ), for which we presume that a rearranged BumHI fragment is present, but comigrates with the normal, unrearranged allele. Patient no. 5 gives a weak abnormal BamHI band of apparently very large size (>27 kbp). However, rearrangement is clearly confirmed by EcoRI analysis. Of the four patients not rearranged with the chromosome 8 probe, two (nos. I I and 12) were also not rearranged with the chromosome 21 probes, while the remaining two (nos. 13 and 15) gave weak and/or questionable rearranged bands.
When rearranged BamHI fragments are detected with both chromosome 2 1 and chromosome 8 probes, they comigrate in all but two, possibly three, cases (nos. 10, 16, and possibly 5). Comigration indicates that the probes are on the same translocation derivative chromosome [ie, either the der(8) or the der(21)I and implies that, with respect to the centromere, the breakpoints fall on opposite sides of each chromosome probe. Conversely, lack of comigration suggests that the probes are on different reciprocals. Hence, by this argument, 
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of the rearranged BamHl fragment is also indicated.
size by the sequential use of the two AMLl probes and by the assumption that BamHI rearrangements detected with probe 8 would most likely be telomeric to the probe, because of its position next to the centromeric BamHI site, we can provisionally assign the position of the breakpoints with respect to the probes (see Table 1 ). At least 15 of 16 breakpoints on chromosome 21 fall within the 20-kbp BamHI fragment. As this fragment corresponds to -*I3 of the region this is significant (P < .01). At least seven breakpoints can be mapped to the 1 1 .4-kbp segment between probe 2 1 B and the centromeric BamHI site. While the rearranged bands are mostly of similar intensity to the normal ones, in agreement with the cytogenetic data showing that most metaphases contain translocated as well as normal chromosomes 8 and 2 1 (Table l) , the rearranged EcoRI fragment detected in one patient by the chromosome 8 probe is proportionately much weaker than that detected by the AMLl probe (Fig 2, compare A1 and Fl). This may be caused by preferential loss, in this case, of the der(21) chromosome.
As in the case of the AMLl probes, no rearranged bands are found with the chromosome 8 probe in the five patients without the t (8;2 1) . Furthermore, only a single, normal band was observed in a series of at least 14 random (not AML) samples (data not shown). Thus, the additional bands in t(8;2I) patients are unlikely to be caused by polymorphism.
The chromosome 8 probe was used to isolate genomic clones spanning the normal locus. In addition to the normal -10-kbp fragment, a probe made from these clones detects a 16.4-kbp band in BamHI digests of DNA from patient no. 4, presumably corresponding to the der(2 1) reciprocal of the der( 8) chromosome. A clone containing this rearranged fragment was obtained from the library made from this patient (Fig 1) . A comparison of restriction maps gives molecular evidence that the translocation is balanced; ie, it does not entail any significant net loss of genomic material.
DISCUSSION
The data presented in this report show that t(8;21) breakpoints in AML M2 are clustered, not only on chromosome 21, but also on 8. The cluster region on chromosome 21 spans a maximum of -25 kbp, with a strong preference for its centromeric two thirds, while that on chromosome 8 spans up to -15 kbp, with a preference for its telomeric half. 
-----
The cluster region on chromosome 2 1 corresponds to one intron that marks a significant position in the AMLl gene, ie, the 3' end of the region of homology to the runt gene of D melanogaster.' By analogy with this, as well as with other translocations, it can be expected that the cluster region on chromosome 8 also resides within one intron, thus producing a highly consistent exon-exon fusion. Preliminary experiments have identified a short region of strong sequence conservation between humans and rodents within chromosome 8 immediately centromeric to the breakpoint in patient no. 4. This is an obvious candidate for an exon, although no transcripts have as yet been identified in a limited sample of cell lines.
While the vast majority of patients with t(8;2 1) show concordant rearrangements with both the chromosome 8 and the AMLl probes, a minority of patients score negative for rearrangement either with the first or with both probes. We cannot completely exclude at present that in these cases a rearrangement has gone undetected for technical reasons (ie, a low proportion of t(8;2 1) positive cells, or the comigration ofa rearranged with a normal fragment]. However, assuming that, as in the case ofAML1, a transcription unit does indeed span the breakpoints on chromosome 8, it will be particularly interesting to investigate whether these variant breakpoints occur in different functional regions of the same units or in separate, nearby genes.
